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(57) A glass coated with a heat reflecting colored 
film, which is excellent in the uniformity of the film thick- 
ness and composition, which is free from a unfavorable 
whitish coloration in ceramic color printing and which is 
excellent in a silver print coloration , is presented. A glass 
coated with a heat reflecting colored film, obtained by 



heat treatment of a glass having a first layer containing 
iron oxide, chromium oxide and nickel oxide and a sec- 
ond layer containing cobalt oxide, laminated sequential- 
ly by a sputtering method, on one side of a glass sub- 
strate. 
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Description 

TECHNICAL FIELD 

[0001 ] The present invention relates to a glass coated $ 
with a heat reflecting colored film and a process for its 
production. 

BACKGROUND ART 

10 

[0002] In recent years, it has become common to em- 
ploy a heat reflecting glass having a low solar energy 
transmittance (a ratio of directly transmitting energy to 
incident solar energy) as a means to increase cooling 
efficiency of e.g. a vehicle such as an automobile. As a '5 
method to reduce the solar energy transmittance, a 
method of employing a colored glass or a method of 
coating a colored film which is excellent in the heat re- 
flecting performance on a transparent soda lime glass 
or on a colored glass having a high transmittance, is 20 
available. The latter method is preferred from the view- 
point of the heat reflecting performance and recycling of 
the glass. 

[0003] What are required for such a glass coated with 
a heat reflecting colored film, may, for example, be that 25 
the solar energy transmittance is low, the visible light 
transmittance is high as compared with the solar energy 
transmittance, it has sufficient durability for use for e.g. 
vehicles, it has a color tone which does not impair the 
design of e.g. vehicles, and it has a high sheet resist- 30 
ance. As a glass coated with a heat reflecting colored 
film which satisfies these requirements, a glass is known 
wherein an oxide film comprising cobalt oxide as the 
main component, at least 1 0 mass% (the ratio based on 
the total metal amount, the same applies hereinafter) of 35 
iron and at least 5 mass% of chromium, is formed in a 
thickness of from 10 to 50 nm by a spraying method. 
[0004] However, such a glass has had a problem such 
that the film thickness, composition, etc. are non-uni- 
form, and the yield is poor. 

[0005] It is known in literatures to obtain, by a sputter- 
ing method, a glass having a film formed which compris- 
es cobalt oxide as the main component and at least 5 
mass% of iron oxide. For example, JP-A-9-30837 dis- 
closes a heat reflecting glass having a coating film of 
metal oxides formed with a metal composition such that 
cobalt: 65 to 96 mass%, chromium: 2 to 25 mass%, iron: 
2 to 33 mass%, and a sputtering method is mentioned 
as a method for forming such a coating film. 
[0006] However, in a magnetron sputtering method 
whereby the film-forming speed is remarkably higher 
than the conventional methods, which is suitable for a 
mass production of a film having uniform film thickness 
and composition and which is a sputtering method pres- 
ently utilized industrially, an alloy target comprising co- 
balt and iron can not be practically used, since such'an 
alloy target is a ferromagnetic material, whereby a mag- 
netic flux of magnetron is hardly formed over the target 
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surface. In the above publication, no specific disclosure 
is given with respect to a sputtering method, and only a 
spraying method is specifically described. 
[0007] Heretofore, it has been common that a ceramic 
paste having a ceramic color composition formed into a 
paste, is screen-printed along the peripheral portion or 
the center portion of a window glass of an automobile, 
followed by drying and baking in a bending step. Such 
a ceramic color paste is baked e.g. along the peripheral 
portion of glass to form a colored opaque layer and 
thereby to be used for preventing deterioration of an ad- 
hesive by ultraviolet rays or to prevent the bonded por- 
tion from being seen through from outside the car. As 
such a ceramic color composition, one having a heat 
resistant coloring pigment mixed to a glass frit, is known 
and usually has a color tone of a black color or a dark 
gray color. Such a composition is called a black ceramic 
coating material. 

[0008] However, when such a ceramic color paste is 
printed on a glass having formed by a spray method a 
conventional oxide film comprising cobalt oxide as the 
main component, at least 1 0 mass% of iron and at least 
5 mass% of chromium, there has been a problem that 
unfavorable whitish coloration is likely to result. 
[0009] Further, when a glass is used as e.g. a rear 
glass of an automobile, so-called silver printing is car- 
ried out, wherein a silver paste which is an exothermic 
material to prevent fogging, is linearly printed and 
baked. However, a conventional glass having formed by 
a spray method an oxide film comprising cobalt oxide 
as the main component, at least 10 mass% of iron and 
at least 5 mass% of chromium, has had a problem that 
coloration of this silver print is poor (such that it forms 
an antique red color). 

[0010] Accordingly, the above-mentioned glass coat- 
ed with a heat reflecting colored film, cannot practically 
be produced by means of a magnetron sputtering meth- 
od, and the above-mentioned problems such as forma- 
tion of n on uniformity in the case of the production by the 
above-mentioned spray method, unfavorable whitish 
coloration in ceramic color printing, and poor coloration 
of silver printing, have not been solved. 
[0011] It is an object of the present invention to pro- 
vide a glass coated with a heat reflecting colored film, 
which can be produced by a sputtering method, which 
is excellent in the uniformity of the film thickness and 
composition and which is excellent in heat reflectivity, 
and a process for its production. Further, it is another 
object of the present invention to provide a glass coated 
with a heat reflecting colored film, which is excellent in 
the uniformity of the film thickness and composition, 
which is free from unfavorable whitish coloration in ce- 
ramic color printing and which is excellent in coloration 
of silver printing. 

DISCLOSURE OF THE INVENTION 

[0012] As a result of an extensive research, the 
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present inventors have found that 1 ) a glass coated with 
a heat reflecting colored film, which comprises a glass 
substrate, and a specific first layer and a specific second 
layer, laminated sequentially by a sputtering method on 
one side of the glass substrate, is excellent in the uni- 5 
formity of the film thickness and composition and excel- 
lent in the heat reflectivity, and that 2) a glass coated 
with a heat reflecting colored film obtained by heat treat- 
ment of such glass coated with a heat reflecting colored 
film, not only satisfies the basic required characteristics 10 
such that the solar energy transmittance is low, the vis- 
ible light transmittance is higher than the solar energy 
transmittance, it has adequate durability for e.g. a vehi- 
cle, it has a color tone which does not impair the design 
for e.g. a vehicle, and the sheet resistance is high, but « 
also is excellent in the uniformity of the film thickness 
and composition, free from unfavorable whitish colora- 
tion in.ceramic color printing and excellent in coloration 
of silver printing, and thus have accomplished the 
present invention. 

[001 3] The present invention provides a glass coated 
with a heat reflecting colored film (hereinafter referred 
to also as "glass A coated with a heat reflecting colored 
film"), which comprises a glass substrate, and afirst lay- 
er containing iron oxide and a second layer containing 25 
cobalt oxide, laminated sequentially by a sputtering 
method on one side of the glass substrate, wherein: 

in the first layer, the amount of iron based on the 
total metal amount is at least 60 mass%, and a 
in the second layer, the amount of cobalt based on 
the total metal amount is at least 60 mass%. 

[0014] Further, the present invention provides a glass 
coated with a heat reflecting colored film (hereinafter re- 3 
ferred to also as "glass B coated with a heat reflecting 
colored film"), which comprises a glass substrate, and 
a first layer containing cobalt oxide and a second layer 
containing iron oxide, laminated sequentially by a sput- 
tering method on one side of the glass substrate, where- < 
in: 

in the first layer, the amount of cobalt based on the 
total metal amount is at least 60 mass%, and 
in the second layer, the amount of iron based on the • 
total metal amount is at least 60 mass%. 

[0015] Further, the present invention provides a glass 
coated with a heat reflecting colored film (hereinafter re- 
ferred to also as "glass C coated with a heat reflecting 
colored film"), which comprises a glass substrate, and 
a first layer containing iron oxide, chromium oxide and 
nickel oxide and a second layer containing cobalt oxide, 
laminated sequentially by a sputtering method on one 
side of the glass substrate, wherein: 

in the first layer, the amounts of iron, chromium and 
nickel, based on the total metal amount, are as fol- 



lows: 

iron: from 60 mass% to 85 mass%, 
chromium: from 1 0 mass% to 28 mass%, and 
nickel: from 5 mass% to 24 mass%, and 

in the second layer, the amount of cobalt based on 
the total metal amount is at least 60 mass%. 

[0016] Further, the present invention provides a glass 
coated with a heat reflecting colored film (hereinafter re- 
ferred to also as "glass D coated with a heat reflecting 
colored film"), which comprises a glass substrate, and 
a first layer containing cobalt oxide and a second layer 
containing iron oxide, chromium oxide and nickel oxide, 
laminated sequentially by a sputtering method on one 
side of the glass substrate, wherein: 

in the first layer, the amount of cobalt based on the 
total metal amount, is at least 60 mass%, and 
in the second layer, the amounts of iron, chromium 
and nickel, based on the total metal amount, are as 
follows: 

iron: from 60 mass% to 85 mass%, 
chromium: from 1 0 mass% to 28 mass%, and 
nickel: from 5 mass% to 24 mass%. 

[0017] Further, the present invention provides a proc- 
ess for producing the above-mentioned glass A coated 
with a heat reflecting colored film, which comprises: 

a step of laminating the first layer on one side of the 
glass substrate, by sputtering by means of a metal 
oxide target containing iron oxide, and 
a step of laminating the second layer on the first lay- 
er, by sputtering by means of a metal target contain- 
ing cobalt in a sputtering gas atmosphere contain- 
ing an oxidizing gas, or by sputtering by means of 
a metal oxide target containing cobalt oxide in a 
sputtering gas atmosphere containing no oxidizing 
gas or in a sputtering gas atmosphere containing 
an oxidizing gas. 

[0018] Further, the present invention provides a proc- 
ess for producing the above-mentioned glass B coated 
with a heat reflecting colored film, which comprises: 

a step of laminating the f irst layer on one side of the 
glass substrate, by sputtering by means of a metal 
target containing cobalt in a sputtering gas atmos- 
phere containing an oxidizing gas, or by sputtering 
by means of a metal oxide target containing cobalt 
oxide in a sputtering gas atmosphere containing no 
oxidizing gas or in a sputtering gas atmosphere 
containing an oxidizing gas, and 
a step of laminating the second layer on the first lay- 
er, by sputtering by means of a metal oxide target 
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containing iron oxide. 

[001 9] Further, the present invention provides proc- 
ess for producing the above-mentioned glass C coated 
with a heat reflecting colored film, which comprises: s 

a step of laminating the first layer on one side of the 
glass substrate, by sputtering by means of a metal 
target containing iron, chromium and nickel as com- 
ponents in a sputtering gas atmosphere containing to 
an oxidizing gas, and 

a step of laminating the second layer on the first lay- 
er, by sputtering by means of a metal target contain- 
ing cobalt in a sputtering gas atmosphere contain- 
ing an oxidizing gas, or by sputtering by means of is 
a metal oxide target containing cobalt oxide in a 
sputtering gas atmosphere containing no oxidizing 
gas or in a sputtering gas atmosphere containing 
an oxidizing gas. 

20 

[0020] Further, the present invention provides a proc- 
ess for producing the above-mentioned glass D coated 
with a heat reflecting colored film, which comprises: 

a step of laminating the first layer on one side of the 25 
glass substrate, by sputtering by means of a metal 
target containing cobalt in a sputtering gas atmos- 
phere containing an oxidizing gas, or by sputtering 
by means of a metal oxide target containing cobalt 
oxide in a sputtering gas atmosphere containing no 30 
oxidizing gas or in a sputtering gas atmosphere 
containing an oxidizing gas, and 
a step of laminating the second layer on the first lay- 
er, by sputtering by means of a metal target contain- 
ing iron, chromium and nickel as components in a 35 
sputtering gas atmosphere containing an oxidizing 
gas. 

[0021] Further, the present invention provides a glass 
coated with a heat reflecting colored film (hereinafter re- 
ferred to also as "glass E coated with a heat reflecting 
colored film", obtained by heat treatment of the above- 
mentioned glass A, B, C or D coated with a heat reflect- 
ing colored film. 

[0022] The above-mentioned glass E coated with a 
heat reflecting colored film is preferably such that the 
surface sheet resistance of the film-coated side is at 
least 10 5 f2/Q 

[0023] The above-mentioned glass E coated with a 
heat reflecting colored film is preferably such that the 
visible light transmittance is from 20 to 40%, and the vis- 
ible light reflectance of the film-coated side and the other 
side is from 20 to 40% and from 10 to 25%, respectively. 
[0024] Further, the present invention provides a proc- 
ess for producing the above-mentioned glass E coated 
with a heat reflecting colored film, which comprises: 

a step of coating a ceramic color paste and/or a sil- 



ver paste on the above-mentioned glass A, B, C or 
D coated with a heat reflecting colored film obtained 
by the process as defined in any one of the above- 
mentioned processes, and 
a step of then carrying out heat treatment. 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0025] Now, the present invention will be described in 
detail. 

[0026] Each of glasses A, B, C and D coated with a 
heat reflecting colored film of the present invention, is a 
glass coated with a heat reflecting colored film, which 
comprises a glass substrate, and a specific first layer 
and a specific second layer, laminated sequentially by 
a sputtering method on one side of the glass substrate. 
Now, glasses A, B, C and D coated with a heat reflecting 
colored film of the present invention, will be described. 
[0027] The glass substrate to be used for glasses A, 
B, C and D coated with a heat reflecting colored film of 
the present invention, is not particularly limited, and a 
commonly widely employed colorless transparent soda 
lime glass, a heat absorbing glass colored green, 
bronze, gray or the like, or a glass having a heat 
absorbing/ultraviolet absorbing property, may, for exam- 
ple, be employed. The first layer of glass A coated with 
a heat reflecting colored film, contains iron oxide. In the 
present invention, in addition to iron oxide, chromium 
oxide, nickel oxide, niobium oxide, molybdenum oxide, 
manganese oxide, silicon oxide, copper oxide, vanadi- 
um oxide, zinc oxide, zirconium oxide, carbon, etc., may 
be contained within the range of the following composi- 
tion. 

[0028] In the first layer of glass A coated with a heat 
reflecting colored film, the amount of iron based on the 
total metal amount is at least 60 mass%. The upper limit 
value is not particularly limited, and it may be used at 
most 100%. With a view to reducing the solar energy 
transmittance, it is preferably used in an amount of at 
least 90%, particularly at least 97%. 
[0029] The thickness of the first layer of glass A coat- 
ed with a heat reflecting colored film, can be selected 
depending upon the desired optical characteristics. For 
example, the thickness of the first layer is preferably ad- 
justed to be from 3 to 15 nm, in a case where the visible 
light transmittance of the glass coated with a heat re- 
flecting colored film of the present invention is made to 
be from 20 to 40%, and the visible light reflectance of 
the film-coated side and the other side is made to be 
from 20 to 40% and from 10 to 25%, respectively. 
[0030] The second layer of glass A coated with a heat 
reflecting colored film, contains cobalt oxide. In the 
present invention, in addition to the cobalt oxide, nio- 
bium oxide, molybdenum oxide, manganese oxide, sil- 
icon oxide, copper oxide, vanadium oxide, zinc oxide, 
zirconium oxide, carbon, etc., may be contained within 
the range of the following composition. 
[0031] In the second layer of glass A coated with a 
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heat reflecting colored film, the amount of cobalt based 
on the total metal amount, is at least 60 mass%. The 
upper limit value is not particularly limited, and it may be 
used in an amount of at most 100%. With a view to re- 
ducing the solar energy transmittance, it is preferably 
used in an amount of at least 90%, particularly at least 
97%. 

[0032J The thickness of the second layer of glass A 
coated with heat reflecting colored film, can be selected 
depending upon the desired optical characteristics. For 
example, the thickness of the second layer is preferably 
adjusted to be from 10 to 50 nm, in a case where the 
visible light transmittance of the glass coated with a heat 
reflecting colored film of the present invention is made 
to be from 20 to 40%, and the visible light reflectance of 
the film-coated side and the other side is made to be 
from 20 to 40% and from 10 to 25%, respectively. 
[0033] With respect to the composition, the preferred 
thickness, etc., the first layer of glass B coated with a 
heat reflecting colored film, is similar to the second layer 
of the above-mentioned glass A coated with a heat re- 
flecting colored film. 

[0034] With respect to the composition, the preferred 
thickness, etc., the second layer of glass B coated with 
a heat reflecting colored film, is similar to the first layer 
of the above-mentioned glass A coated with a heat re- 
flecting colored film. 

[0035] The first layer of glass C coated with a heat 
reflecting colored film, contains iron oxide, chromium 
oxide and nickel oxide. In the present invention, in ad- 
dition to these oxides, niobium oxide, molybdenum ox- 
ide, manganese oxide, silicon oxide, copper oxide, va- 
nadium oxide, zinc oxide, zirconium oxide, carbon, etc., 
may be contained with the range of the following com- 
position. 

[0036] From the viewpoint of the heat reflectivity and 
efficiency in the film formed by a magnetron sputtering 
method, in the first layer of glass C coated with a heat 
reflecting colored film, the amounts of iron, chromium 
and nickel, based on the total metal amount, are such 
that iron: from 60 mass% to 85 mass%, chromium: from 
10 mass% to 28 mass%, and nickel: from 5 mass% to 
24 mass%. 

[0037] The thickness of the first layer of glass C coat- 
ed with a heat reflecting colored film, can be selected 
depending upon the desired optical characteristics. For 
example, the thickness of the first layer is preferably ad- 
justed to be from 3 to 1 5 nm, in a case where the visible 
light transmittance of the glass coated with a heat re- 
flecting colored film of the present invention is made to 
be from 20 to 40%, and the visible light reflectance of 
the film-coated side and the other side is made to be 
from 20 to 40% and from 10 to 25%, respectively. 
[0038] With respect to the composition, the preferred 
thickness, etc., the second layer of glass C coated with 
a heat reflecting colored film, is similar to the second 
layer of the above-mentioned glass A coated with a heat 
reflecting colored film. 



[0039] With respect to the composition, the preferred 
thickness, etc., the first layer of glass D coated with a 
heat reflecting colored film, is similar to the second layer 
of the above-mentioned glass C coated with a heat re- 
5 fleeting colored film. 

[0040] With respect to the composition, the preferred 
thickness, etc., the second layer of glass D coated with 
a heat reflecting colored film, is similar to the first layer 
of the above-mentioned glass C coated with a heat re- 
10 fleeting colored film. 

[0041] Further, in the present invention, for the pur- 
pose of e.g. improving the durability or changing the re- 
flectance, a functional layer to accomplish such an ob- 
ject may be provided on the second layer, between the 
15 first layer and the glass substrate, or on the side oppo- 
site to the side coated with the heat reflecting colored 
film. 

[0042] As such a functional layer, a layer made of at 
least one element selected from the group consisting of 
20 silicon, titanium, zinc, tin, copper, zirconium, manga- 
nese, niobium and aluminum, or an oxide or nitride of 
such an element, may be mentioned. 
[0043] The glass coated with a heat reflecting colored 
film of the present invention, has a film construction 
25 which can be formed by a sputtering method, whereby 
it is excellent in the uniformity of the film thickness and 
composition. 

[0044] In the processes for producing glasses A, B, C 
and D coated with a heat reflecting colored film of the 
30 present invention, the above-described first layer and 
the above-described second layer may be sequentially 
laminated by a sputtering method on one side of the 
above-mentioned glass substrate, but they are particu- 
larly preferably carried out as follows, in that conven- 
35 tional sputtering targets can thereby be employed. It 
should be understood that the following processes are 
preferred embodiments, and the processes for produc- 
ing glasses A, B, C and D coated with a heat reflecting 
colored film of the present invention, are not limited 
40 thereto. 
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(1 ) In the case of glass A coated with a heat reflecting 
colored film 

[0045] Glass A coated with a heat reflecting colored 
film is produced by a process which comprises: 

a step of laminating the first layer on one side of the 
glass substrate, by sputtering by means of a metal 
oxide target containing iron oxide, and 
a step of laminating the second layer on the first lay- 
er, by sputtering by means of a metal target contain- 
ing cobalt in a sputtering gas atmosphere contain- 
ing an oxidizing gas, or by sputtering by means of 
a metal oxide target containing cobalt oxide in a 
sputtering gas atmosphere containing no oxidizing 
gas or in a sputtering gas atmosphere containing 
an oxidizing gas. 
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[0046] As the metal oxide target to be used in the step 
of laminating the first layer, one containing iron oxide, is 
used. Particularly preferred is one which contains iron 
oxide in an amount of from 60 to 1 00 mass% as the 
amount of iron based on the total metal amount, in order 
to bring the composition of the first layer as described 
above. 

[0047] The sputtering gas may be one containing no 
oxidizing gas or may be one containing an oxidizing gas. 
[0048] The sputtering gas containing no oxidizing gas 
may, for example, be an inert gas such as helium, neon, 
argon, krypton or xenon. Among them, argon is pre- 
ferred from the viewpoint of the economical efficiency 
and ease of discharge. These inert gases may be used 
alone or in combination as a mixture of two or more of 
them. 

[0049] The oxidizing gas may, for example, be oxygen 
or ozone, or it may be a gas mixture of oxygen and 
ozone. As the sputtering gas containing an oxidizing 
gas, a gas mixture of such an oxidizing gas and the 
above-mentioned inert gas, may be employed. 
[0050] For the sputtering, a magnetron sputtering ap- 
paratus which is excellent in the film forming speed, etc., 
is usually employed. However, a sputtering apparatus 
of a type wherein no magnetic field is used, may also 
be employed. 

[0051] Further, as the power source, any of a direct 
current power source, a power source for applying an 
electric power in pulses, an alternate current power 
source and a high frequency power source, may be em- 
ployed. 

[0052] As the target to be used for the step of lami- 
nating the second layer, a metal target containing cobalt, 
or a metal oxide target containing cobalt oxide, is used. 
Particularly, in order to adjust the composition of the sec- 
ond layer as described above, when a metal target con- 
taining cobalt is employed, it preferably contains cobalt 
in an amount of from 60 to 1 00 mass%, and when a met- 
al oxide target containing cobalt oxide is employed, it 
preferably contains cobalt oxide in an amount of from 
60 to 1 00 mass% as the amount of cobalt based on the 
total metal amount. 

[0053] As the sputtering gas, one containing an oxi- 
dizing gas is employed in the case where a metal target 
containing cobalt is employed. As the oxidizing gas, the 
above-mentioned one may be employed. 
[0054] In a case where a metal oxide target containing 
cobalt oxide is employed, the sputtering gas may be one 
containing no oxidizing gas, or one containing an oxi- 
dizing gas. As such an oxidizing gas, the above-men- 
tioned one may also be employed. 
[0055] When either target is employed, a gas mixture 
comprising an oxidizing gas and an inert gas, may be 
employed. 

[0056] The sputtering apparatus is the same as in the 
case of the process of laminating the first layer. 
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(2) In the case of glass B coated with a heat reflecting 
colored film 

[0057] Glass B coated with a heat reflecting colored 
5 film is produced by a process which comprises: 

a step of laminating the first layer on one side of the 
glass substrate, by sputtering by means of a metal 
target containing cobalt in a sputtering gas atmos- 

10 phere containing an oxidizing gas, or by sputtering 
by means of a metal oxide target containing cobalt 
oxide in a sputtering gas atmosphere containing no 
oxidizing gas or in a sputtering gas atmosphere 
containing an oxidizing gas, and 

15 a step of laminating the second layer on the first lay- 
er, by sputtering by means of a metal oxide target 
containing iron oxide. 

[0058] The metal target, the sputtering gas and the 
20 sputtering apparatus to be used in the step of laminating 
the first layer, are the same as in the case of the second 
layer in process (1). 

[0059] The metal target, the sputtering gas and the 
sputtering apparatus to be used in the step of laminating 
25 the second layer, are the same as in the case of the first 
layer in process (1). 

(3) In the case of glass C coated with a heat reflecting 
colored film 

30 

[0060] Glass C coated with a heat reflecting colored 
film, is produced by a process which comprises: 

a step of laminating the first layer on one side of the 
35 glass substrate, by sputtering by means of a metal 
target containing iron, chromium and nickel as com- 
ponents in a sputtering gas atmosphere containing 
an oxidizing gas, and 

a step of laminating the second layer on the first lay- 
40 er, by sputtering by means of a metal target contain- 
ing cobalt in a sputtering gas atmosphere contain- 
ing an oxidizing gas, or by sputtering by means of 
a metal oxide target containing cobalt oxide in a 
sputtering gas atmosphere containing no oxidizing 
45 gas or in a sputtering gas atmosphere containing 
an oxidizing gas. 

[0061] The metal target to be used in the step of lam- 
inating the first layer is not particularly limited with re- 

50 spect to the composition or structure. Among iron, chro- 
mium and nickel, two or more metals may form a single 
crystal phase or may be in the form of a solid solution. 
Otherwise, crystalline phases or non-crystalline phases 
of the above two or more metals may be present in a 

55 mixed state, or masses of the above two or more metals 
may be separately present, respectively. In the present 
invention, as the metal target, a metal target containing 
iron, chromium and nickel as components, is used from 
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the viewpoint of discharge. Particularly in order to adjust 
the composition of the first layer a described above, one 
having the following composition is preferred: 

Iron: from 63 to 78 mass%, 
Chromium: from 16 to 24 mass%, and 
Nickel: from 6 to 13 mass%. 

[0062] For example, a non-magnetic stainless steel, 
more specifically, an austenite type non-magnetic stain- 
less steel as stipulated in JIS G4304-1 987, may be men- 
tioned. Particularly preferred is SUS304. 
[0063] As a preferred example for the target to be 
used in the step of laminating the second layer, a Co 
target or a Co 3 0 4 target may be mentioned. 
[0064] As the sputtering gas, one containing an oxi- 
dizing gas is employed. The oxidizing gas is as de- 
scribed above. Further, a gas mixture comprising an ox- 
idizing gas and an inert gas may be employed. 
[0065] The apparatus to be used for the sputtering is 
the same as in the case of the first layer in process (1). 
[0066] The step of laminating the second layer is the 
same as in the case of process (1). 

(4) In the case of glass D coated with a heat reflecting 
colored film 

[0067] Glass D coated with a heat reflecting colored 
film is produced by a process which comprises: 

a step of laminating the first layer on one side of the 
glass substrate, by sputtering by means of a metal 
target containing cobalt in a sputtering gas atmos- 
phere containing an oxidizing gas, or by sputtering 
by means of a metal oxide target containing cobalt 
oxide in a sputtering gas atmosphere containing no 
oxidizing gas or in a sputtering gas atmosphere 
containing an oxidizing gas, and 
a step of laminating the second layer on the first lay- 
er, by sputtering by means of a metal target contain- 
ing iron, chromium and nickel as components in a 
sputtering gas atmosphere containing an oxidizing 
gas. 



[0068] The metal target, the sputtering gas and the 
sputtering apparatus to be used in the process of lami- 
nating the first layer, are the same as in the case of the 
second layer in process (3). 

[0069] The metal target, the sputtering gas and the 
sputtering apparatus to be used in the step of laminating 
the second layer, are the same as in the case of the first 
layer in process (3). 

[0070] Glasses A, B, C and D coated with a heat re- 
flecting colored film of the present invention are excel- 
lent in the heat reflectivity. Specifically, the solar energy 
transmittance is preferably smaller than the visible light 
transmittance, particularly preferably at most 40% 
(more preferably at most 35%). 



[0071] As described in the foregoing, glasses A, B, C 
and D coated with a heat reflecting colored film of the 
present invention are excellent in the uniformity of the 
film thickness and composition, since they can be pro- 

5 duced by a sputtering method. Further, they exhibit ex- 
cellent heat reflectivity. Further, as described hereinaf- 
ter, glasses A, B, C and D coated with a heat reflecting 
colored film of the present invention, are suitably em- 
ployed for the production of glass E coated with a heat 

10 reflecting colored film of the present invention. 

[0072] Now, glass E coated with a heat reflecting 
colored glass of the present invention will be described. 
[0073] The glass coated with a heat reflecting colored 
film of the present invention can be obtained by heat 

15 treatment of the above-mentioned glass A, B, C or D 
coated with a heat reflecting colored film. 
[0074] By the heat treatment, the surface sheet resist- 
ance of the film-coated side will be improved, and the 
surface sheet resistance of the film-coated side will be 

20 preferably at least 10 5 C1TO, whereby the radio wave 
transmittance will be improved. Accordingly, it is suitably 
employed for vehicles or buildings. 
[0075] Further, by the heat treatment, visible light re- 
flectance of the film-coated side is decreased, prefera- 

25 bly to a level of from 20 to 40%, which is a value suitable 
for vehicles. 

[0076] The heat treatment is not particularly limited, 
and the conditions may be changed depending upon the 
desired optical characteristics. As a preferred specific 
30 example, heat treatment may be mentioned which is 
carried out at a temperature of from 500 to 700°C for 
from 3 to 5 minutes in an atmosphere containing oxygen 
(such as the atmospheric air). 

[0077] Glass E coated with a heat reflecting colored 
35 film of the present invention is suitably employed for e. 
g. vehicles such as automobiles. The glass to be used 
for e.g. vehicles such as automobiles, is subjected to 
heat treatment in the atmosphere at a temperature of 
from 630 to 690°C or higher for from 3 to 7 minutes in 
40 the case of bending treatment. Accordingly, glass E 
coated with a heat reflecting colored film of the present 
invention may be obtained by subjecting glass A, B, C 
or D coated with a heat reflecting colored film to bending 
treatment and by utilizing the heat treatment at that time. 
45 [0078] Further, when silver printing or printing by 
means of a ceramic color paste such as a black ceramic 
coating material, is applied to glass A, B, C or D coated 
with a heat reflecting colored film of the present inven- 
tion, heat treatment (baking) is carried out in the atmos- 
50 phere at a temperature of from 630 to 690°C or higher 
for from about 3 to 7 minutes. Accordingly, glass E coat- 
ed with a heat reflecting colored film of the present in- 
vention may also be obtained by applying silver printing 
or printing by means of a ceramic color paste to glass 
55 a, B, C or D coated with a heat reflecting colored film 
and utilizing the heat treatment (baking) at that time. 
[0079] Further, the bending treatment and silver print- 
ing or printing by means of a ceramic color paste, may 
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be carried out simultaneously, and heat treatment at that 
time may be utilized. 

[0080] Namely, the process for producing glass E 
coated with a heat reflecting colored film of the present 
invention may preferably be a process which comprises: 

a step of coating a ceramic color paste and/or a sil- 
ver paste on glass A, B, C or D coated with a heat 
reflecting colored film obtained by any one of the 
above-mentioned processes (1) to (4), and 
a step of then carrying out heat treatment. 

[0081] Coating of the ceramic color paste and/or the 
silver paste can be carried out by a usual method. For 
example, a screen printing method by means of a 
screen printing machine may be mentioned. In a case 
where both the ceramic color paste and the silver paste 
are to be coated, they may be separately coated or may 
be simultaneously coated. 

[0082] The conditions for the heat treatment may be 
the same as in the case where they are not coated. 
[0083] The ceramic color paste may, for example, be 
one containing crystalline glass frit (and/or non -crystal- 
line glass frit), a heat resistant coloring pigment and a 
refractory filler. The ceramic color paste may, for exam- 
ple, be prepared by uniformly mixing the crystalline 
glass frit (and/or the non -crystal line glass frit), the heat 
resistant coloring pigment and the refractory filler in an 
organic vehicle and adjusting the mixture to a viscosity 
suitable for coating. 

[0084] As the silver paste, one having fine silver par- 
ticles and glass frit uniformly mixed to an organic vehi- 
cle, is adjusted to a viscosity suitable for coating. 
[0085] Glass E coated with a heat reflecting colored 
film of the present invention, is excellent in the heat re- 
flectivity. Specifically, the solar energy transmittance is 
preferably smaller than the visible light transmittance, 
particularly preferably at most 40% (more preferably at 
most 35%). 

[0086] Glass E coated with a heat reflecting colored 
film of the present invention preferably has a surface 
sheet resistance of at least 10 s Q/U on the film-coated 
side. If the surface sheet resistance is within the above 
range, it is possible to secure adequate transmittance 
of radio waves of e.g. radios, televisions, mobile phones 
or car phones in e.g. vehicles such as automobiles. 
[0087] Further, when glass E coated with a heat re- 
flecting colored film of the present invention is employed 
as a rear window glass of an automobile, the surface 
sheet resistance on the film-coated side is preferably at 
least 1 0 s Q/D 

[0088] Glass E coated with a heat reflecting colored 
film of the present invention is preferably such that the 
visible light transmittance is from 20 to 40%, and the vis- 
ible light reflectance on the film-coated side and the oth- 
er side is from 20 to 40% and from 10 to 25%, respec- 
tively. Within the above ranges, glass E is suitable for 
application to e.g. automobiles. 



[0089] Glass E coated with a heat reflecting colored 
film of the present invention is excellent in the uniformity 
of the film thickness and composition as compared with 
one prepared by a conventional spray method, since the 

5 colored film is formed by a sputtering method. 

[0090] As is different from a conventional glass having 
formed by a spray method an oxide film comprising co- 
balt oxide as the main component, at least 10 mass% 
of iron and at least 5 mass% of chromium, glass E coat- 

w ed with a heat reflecting colored film of the present in- 
vention is free from whitening or color forming failure 
when printing is applied by means of a ceramic color 
paste such as black ceramic coating material, although 
the reason is not clearly understood. Further, as is dif- 

15 ferent from a conventional glass having formed by a 
spray method an oxide film comprising cobalt oxide as 
the main component, at least 1 0 mass% of iron and at 
least 5 mass% of chromium, glass E coated with a heat 
reflecting colored film is excellent in coloration of silver 

20 printing, although the reason is not clearly understood. 
[0091] Applications of glass E coated with a heat re- 
flecting colored film of the present invention are not par- 
ticularly limited, but, for example, applications for vehi- 
cles such as automobiles, or for buildings, may be men- 

25 tioned. 

[0092] Further, the glass coated with a heat reflecting 
colored film of the present invention may be made into 
a laminated glass or a composite glass. 
[0093] Glass E coated with a heat reflecting colored 

30 film of the present invention is useful for various appli- 
cations, since not only it satisfies the basic required 
characteristics, but also it is excellent in the uniformity 
of the film thickness and composition, free from unfavo- 
rable whitish coloration in ceramic color printing and al- 

35 so excellent in coloration of silver printing. 

EXAMPLES 

[0094] Now, the present invention will be described in 
40 further detail with reference to Examples, but the 
present invention is by no means restricted thereto. 

1 . Preparation of glass coated with heat reflecting 
colored film 

45 

EXAMPLE 1 

[0095] A green-colored soda lime glass having a 
thickness of 3.5 mm and cut into a square of 1 00 x 100 

50 mm, was washed with a cerium oxide powder and a neu- 
tral detergent and then rinsed with pure water and eth- 
anol to obtain a substrate glass. The green-colored soda 
lime glass had a visible light transmittance of 81 .6%, a 
visible light reflectance of 7.4%, a solar radiation trans- 

55 mittance of 59.5% and a solar radiation reflectance of 
6.2%. 

[0096] On this substrate glass, a film (first layer) hav- 
ing a thickness of 6 nm was formed by carrying out film 
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forming by means of a DC magnetron sputtering appa- 
ratus using a sputtering target of FeO (amount of iron 
based on the total metal amount: 99.9 mass%) having 
a diameter of 1 01 .6 mm under such conditions that the 
Ar gas pressure was 4.8 x 10" 1 Pa, the applied power 
was 0.3 kW and the film forming time was 6 seconds. 
[0097] Further, on that film, a film (second layer) hav- 
ing a thickness of 30 nm was formed by carrying out film 
forming by means of a DC magnetron sputtering appa- 
ratus using a sputtering target of Co 3 0 4 (amount of co- 
balt based on the total metal amount: 99.9 mass%) hav- 
ing a diameter of 101 .6 mm under such conditions that 
the Ar gas pressure was 4.8 x 10" 1 Pa, the applied pow- 
er was 0.3 kW and the film-forming time was 147 sec- 
onds, to obtain glass A coated with a heat reflecting 
colored film of the present invention. 
[0098] Then , a ceramic color paste and an electrocon- 
ductive silver paste were prepared to have viscosities 
suitable for screen printing. Then, the ceramic color 
paste was printed on the film-coated side of the obtained 
glass A having a heat reflecting colored film by a screen 
printing machine and dried. Then, the electroconductive 
silver paste was printed by a screen printing machine. 
After drying at 120°C for from 10 to 15 minutes, heat 
treatment was carried out for about 15 minutes in the 
atmospheric air by a belt furnace. The retention time at 
a temperature of at least 500°C was about 6 minutes, 
and the retention time at the maximum temperature of 
650°C was about 3 minutes. After the heat treatment, 
the treated product was left to cool to obtain glass E 
coated with a heat reflecting colored film of the present 
invention. 

[0099] Here, the ceramic color paste used, was one 
prepared by mixing an amorphous glass frit, a heat re- 
sistant coloring pigment and a refractory filler uniformly 
to an organic vehicle, followed by adjusting the mixture 
to a viscosity suitable for coating. Further, the employed 
electroconductive silver paste was one prepared by mix- 
ing fine silver particles and a glass frit uniformly with an 
organic vehicle, followed by adjusting the mixture to a 
viscosity suitable for coating. 

EXAMPLE 2 



[0100] Glass B coated with a heat reflecting colored 
film of the present invention was obtained in the same 
manner as in Example 1 except that the order of film 
formation of the first and the second layers was re- 
versed. The thickness of the first layer was 30 nm, and 
the thickness of the second layer was 6 nm. 
[0101] Then, to the obtained glass B coated with a 
heat reflecting colored film, printing and heat treatment 
were applied in the same manner as in Example 1 , and 
then the treated product was left to cool to obtain glass 
E coated with a heat reflecting colored film of the present 
invention. 



EXAMPLE 3 

[0102] The same green-colored soda lime glass as in 
Example 1 having a thickness of 3.5 mm and cut into a 

5 square of 100 x 100 mm, was washed with a cerium 
oxide powder and a neutral detergent, and then rinsed 
with pure water and ethanol to obtain a substrate glass. 
[0103] On this substrate glass, a film having a thick- 
ness of 6 nm was formed by carrying out film forming by 

10 means of a DC magnetron sputtering apparatus using 
a sputtering target of SUS304 stainless steel (iron: 74 
mass%, chromium: 1 8 mass%, nickel: 8 mass%) having 
a diameter of 152.4 mm under such conditions that the 
0 2 gas pressure was 2.6 x 10- 1 Pa, the applied power 

15 was 0.5 kW, and the film forming time was 30 seconds. 
[01 04] Further, on that film , a film having a thickness 
of 30 nm was prepared by carrying out film forming by 
means of a DC magnetron sputtering apparatus using 
a sputtering target of cobalt having a thickness of 3 mm 

20 and a diameter of 152.4 mm under such conditions that 
the 0 2 gas pressure was 2.6 x 1 0 1 Pa, the applied pow- 
er was 0.5 kW, and the film-forming time was 150 sec- 
onds, to obtain glass C coated with a heat reflecting 
colored film of the present invention. 

25 [0105] Then, to the obtained glass C coated with a 
heat reflecting colored film, printing and heat treatment 
were applied in the same manner as in Example 1 . The 
obtained product was left to cool to obtain glass E coat- 
ed with a heat reflecting colored film of the present in- 

30 vention. 

EXAMPLE 4 

[0106] Glass D coated with a heat reflecting colored 
35 film of the present invention was obtained in the same 
manner as in Example 3 except that the order of film 
forming of the first and second layers was reversed. The 
thickness of the first layer was 30 nm and the thickness 
of the second layer was 6 nm. 
40 [0107] Then, to the obtained glass D coated with a 
heat reflecting colored film, printing and heat treatment 
were applied in the same manner as in Example 1. 
Then, the treated product was left to cool to obtain glass 
E coated with a heat reflecting colored film of the present 
45 invention. 



2. Compositions of coating films in the glasses coated 
with heat ray reflecting colored films 

so [0108] In the above-mentioned production processes 
of Examples 1 to 4, the composition of the first layer was 
analyzed after formation of the first layer and before for- 
mation of the second layer, and the composition of the 
second layer was analyzed after formation of the second 

55 layer and before the heat treatment. The analyses of the 
compositions were carried out by an elemental analysis 
by means of high frequency inductively coupled plasma 
emission mass spectrometry. 
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[0109] As a result, in Example 1 , the amount of iron 
based on the total metal amount in the first layer was 
99.9 mass%, and the amount of cobalt based on the to- 
tal metal amount In the second layer was 99.9 mass%. 
In Example 2, the amount of cobalt based on the total 5 
metal amount in the first layer was 99.9 mass%, and the 
amount of iron based on the total metal amount in the 
second layer was 99.9 mass%. 
[0110] Further, in Example 3, the amounts of iron, 
chromium and nickel, based on the total metal amount 10 
in the first layer were 74 mass% of iron, 18 mass% of 
chromium and 8 mass% of nickel, and the amount of 
cobalt based on the total metal amount in the second 
layer, was 99.9 mass%. In Example 4, the amount of 
cobalt based on the total metal amount in the first layer is 
was 99.9 mass%, and the amounts of iron, chromium 
and nickel, based on the total metal amount in the sec- 
ond layer were 74 mass% of iron, 1 8 mass% of chromi- 
um and 8 mass% of nickel, respectively. 

20 

3. Measurement of the solar energy transmittance 

[01 1 1 ] With respect to glasses A to D coated with heat 
reflecting colored films, obtained in Examples 1 to 4, the 
solar energy transmittance (according to JIS R3106) 25 
was measured by means of a spectrometer (the spec- 
trometer "UV-3100PC M , manufactured by Shimadzu 
Corporation). 

[01 12] As a result, the solar energy transmittance was 
at most 30%, in each case. 

[0113] Further, with respect to glass E coated with 
heat reflecting colored films, obtained in Examples 1 to 

4, the solar energy transmittance (according to JIS 
R31 06) was measured by a spectrometer (spectrometer 
M UV-3100PC", manufactured by Shimadzu Corpora- 
tion). 

[0114] Asa result, the solar energy transmittance was 
29% in each case. 

4. Measurement of the surface sheet resistance 

[0115] With respect to glass E coated with a heat re- 
flecting colored film, obtained in each of Examples 1 to 

4, the surface sheet resistance on the film-coated side 
was measured by means of a sheet resister. 
[01 16] As a result, the surface sheet resistance of the 
film-coated side was 1 .0 x 10 9 O/Oin each case. 

5. Measurements of visible light transmittance and 
visible light reflectance 

[0117] With respect to glass E coated with a heat re- 
flecting colored film obtained in each of Examples 1 to 
4, the visible light transmittance (according to JIS 
R31 06) and the visible light reflectance (according to JIS 
R31 06) on the film-coated side and the other side, were 
measured by means of a spectrometer (spectrometer 
"UV-31 00PC", manufactured by Shimadzu Corporation) 



using light source C. 

[01 18] As a result, the visible light transmittance was 
31% in each case, the visible light reflectance on the 
film-coated side was 36% in each case, and the visible 
light transmittance on the other side was 21% in each 
case. 

[0119] Further, the difference depending upon the 
measuring site in glass E coated with a heat reflecting 
colored film obtained in each of Examples 1 to 4 was 
within 0.5% in each case with respect to the visible light 
transmittance, and within 0.5% in each case with re- 
spect to the visible light reflectance. On the other hand, 
with a sample obtained by a conventional spray method, 
the difference depending upon the measuring site was 
from 1 to 2% with respect to the visible light transmit- 
tance, and from 1 to 2 with respect to the visible light 
reflectance. From this result, it is evident that the glass 
coated with a heat reflecting colored film of the present 
invention is excellent in the uniformity of the film thick- 
ness and in the uniformity of the composition. 

6. Measurement of scratch resistance 

[0120] With respect to glass E coated with a heat re- 
flecting colored film obtained in each of Examples 1 to 
4, a Taber's abrasion test on the film-coated side was 
carried out in accordance with an abrasion resistance 
test of JIS R3212 by means of Taber's tester under a 
condition of 1 000 rotations under a toad of 4.9N, and the 
visible light transmittances before and after the Taber's 
abrasion test, were compared. 

[0121] As a result, the change in the visible light trans- 
mittance was +12% in each case, which is not higher 
than +20%, thus indicating practically adequate scratch 
resistance. 

7. Measurement of chemical resistance 

[0122] Glass E coated with a heat reflecting colored 
film obtained in each of Examples 1 to 4 was immersed 
in a 0.05 mol/€ (50 mol/m 3 ) sulfuric acid aqueous solu- 
tion or a 0.1 mol/€ (1 00 mol/m 3 ) sodium hydroxide aque- 
ous solution, at room temperature of 20°C for 24 hours, 
whereby the visible light transmittances and the visible 
light reflectances of the film-coated side and the other 
side, before and after the immersion in the aqueous so- 
lution, were compared. 

[0123] As a result, with each glass E coated with a 
heat reflecting colored film, the change in the visible light 
transmittance, or the change in the visible light reflect- 
ance on the film-coated side and the other side, was 
smaller than 1%, in the case of employing the aqueous 
sulfuric acid solution or the aqueous sodium hydroxide 
solution. 
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8. Measurements of the color tones of the ceramic color 
print and the silver print 

[0124] With respect to glass E coated with a heat re- 
flecting colored film, obtained in each of Examples 1 to 
4, the color tone from the glass surface of the ceramic 
color paste portion, was measured by means of a color 
meter. As a result, the color tone was L=39, a=7.5 and 
b=0.0 in each case. This means that as compared with 
a case where a conventional glass having formed by a 
spray method an oxide film comprising 63 mass% of co- 
balt, 26 mass% of iron and 1 1 mass% of chromium, color 
formation was good with a color tone close to neutral 
with low brightness. 

[0125] Further, with the glass having a film formed by 
a conventional spray method, the silver paste portion 
forms an antique red color, and no good coloration can 
be obtained. Whereas, with the samples of the present 
invention , each formed a red brown color, and thus good 
color formation was obtained. 

INDUSTRIAL APPLICABILITY 

[0126] Glasses A, B, C and D coated with heat reflect- 
ing colored films of the present invention can be pre- 
pared by a magnetron sputtering method. Especially, by 
the process for producing the glass coated with a heat 
reflecting colored film of the present invention, a con- 
ventional sputtering target can be used, whereby the 
production is easy, and the product is excellent in the 
uniformity of the film thickness and composition. 
[0127] Further, glass E coated with a heat reflecting 
colored film of the present invention which is obtained 
by heat treatment of the above glass A, B, C or D coated 
with a heat reflecting colored film, not only satisfies the 
basic required characteristics, but also is excellent in the 
uniformity of the film thickness and composition, free 
from unfavorable whitish coloration in ceramic color 
printing and excellent also in the coloration of silver 
printing, and thus it is suitable as a window glass for an 
automobile. 
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1. A glass coated with a heat reflecting colored film, 
which comprises a glass substrate, and a first layer 
containing iron oxide and a second layer containing 
cobalt oxide, laminated sequentially by a sputtering 
method on one side of the glass substrate, wherein: 



50 



in the first layer, the amount of iron based on 
the total metal amount is at least 60 mass%, 
and 

in the second layer, the amount of cobalt based 55 
on the total metal amount is at least 60 mass%. 

2. A glass coated with a heat reflecting colored film. 



which comprises a glass substrate, and a first layer 
containing cobalt oxide and a second layer contain- 
ing iron oxide, laminated sequentially by a sputter- 
ing method on one side of the glass substrate, 
wherein: 

in the first layer, the amount of cobalt based on 
the total metal amount is at least 60 mass%, 
and 

in the second layer, the amount of iron based 
on the total metal amount is at least 60 mass%. 

A glass coated with a heat reflecting colored film, 
which comprises a glass substrate, and a first layer 
containing iron oxide, chromium oxide and nickel 
oxide and a second layer containing cobalt oxide, 
laminated sequentially by a sputtering method on 
one side of the glass substrate, wherein: 

in the first layer, the amounts of iron, chromium 
and nickel, based on the total metal amount, 
are as follows: 

iron: from 60 mass% to 85 mass%, 
chromium: from 10 mass% to 28 mass%, 
and 

nickel: from 5 mass% to 24 mass%, and 
in the second layer, the amount of cobalt 
based on the total metal amount is at least 
60 mass%. 

\. A glass coated with a heat reflecting colored film, 
which comprises a glass substrate, and a first layer 
containing cobalt oxide and a second layer contain- 
ing iron oxide, chromium oxide and nickel oxide, 
laminated sequentially by a sputtering method on 
one side of the glass substrate, wherein: 

in the first layer, the amount of cobalt based on 
the total metal amount, is at least 60 mass%, 
and 

in the second layer, the amounts of iron, chro- 
mium and nickel, based on the total metal 
amount, are as follows: 

iron: from 60 mass% to 85 mass%, 
chromium: from 10 mass% to 28 mass%, 
and 

nickel: from 5 mass% to 24 mass%. 

5. A process for producing the glass coated with a heat 
reflecting colored film as defined in Claim 1 , which 
comprises: 

a step of laminating the first layer on one side 
of the glass substrate, by sputtering by means 
of a metal oxide target containing iron oxide, 
and 



11 



21 



EP 1 288 174 A1 



22 



a step of laminating the second layer on the first 
layer, by sputtering by means of a metal target 
containing cobalt in a sputtering gas atmos- 
phere containing an oxidizing gas, or by sput- 
tering by means of a metal oxide target contain- s 
ing cobalt oxide in a sputtering gas atmosphere 
containing no oxidizing gas or in a sputtering 
gas atmosphere containing an oxidizing gas. 

6. A process for producing the glass coated with a heat to 
reflecting colored film as defined in Claim 2, which 
comprises: 

a step of laminating the first layer on one side 
of the glass substrate, by sputtering by means 15 
of a metal target containing cobalt in a sputter- 
ing gas atmosphere containing an oxidizing 
gas, or by sputtering by means of a metal oxide 
target containing cobalt oxide in a sputtering 
gas atmosphere containing no oxidizing gas or 20 
in a sputtering gas atmosphere containing an 
oxidizing gas, and 

a step of laminating the second layer on the first 
layer, by sputtering by means of a metal oxide 
target containing iron oxide. 25 

7. A process for producing the glass coated with a heat 
reflecting colored film as defined in Claim 3, which 
comprises: 

30 

a step of laminating the first layer on one side 
of the glass substrate, by sputtering by means 
of a metal target containing iron, chromium and 
nickel as components in a sputtering gas at- 
mosphere containing an oxidizing gas, and 35 
a step of laminating the second layer on the first 
layer, by sputtering by means of a metal target 
containing cobalt in a sputtering gas atmos- 
phere containing an oxidizing gas, or by sput- 
tering by means of a metal oxide target contain- *o 
ing cobalt oxide in a sputtering gas atmosphere 
containing no oxidizing gas or in a sputtering 
gas atmosphere containing an oxidizing gas. 

8. A process for producing the glass coated with a heat 45 
reflecting colored film as defined in Claim 4, which 
comprises: 

a step of laminating the first layer on one side 
of the glass substrate, by sputtering by means so 
of a metal target containing cobalt in a sputter- 
ing gas atmosphere containing an oxidizing 
gas, or by sputtering by means of a metal oxide 
target containing cobalt oxide in a sputtering 
gas atmosphere containing no oxidizing gas or 55 
in a sputtering gas atmosphere containing an 
oxidizing gas, and 

a step of laminating the second layer on the first 



layer, by sputtering by means of a metal target 
containing iron, chromium and nickel as com- 
ponents in a sputtering gas atmosphere con- 
taining an oxidizing gas. 

9. A glass coated with a heat reflecting colored film, 
obtained by heat treatment of the glass coated with 
a heat reflecting colored film as defined in any one 
of Claims 1 to 4. 

10. The glass coated with a heat reflecting colored film 
according to Claim 9, wherein the surface sheet re- 
sistance of the film-coated side is at least I0 5 n/a 

11 . The glass coated with a heat reflecting colored film 
according to Claim 9 or 1 0, wherein the visible light 
transmittance is from 20 to 40%, and the visible light 
reflectance of the film-coated side and the other 
side is from 20 to 40% and from 1 0 to 25%, respec- 
tively. 

1 2. A process for producing the glass coated with a heat 
reflecting colored film as defined in any one of 
Claims 9 to 11 , which comprises: 

a step of coating a ceramic color paste and/or 
a silver paste on the glass coated with a heat 
reflecting colored film obtained by the process 
as defined in any one of Claims 5 to 8, and 
a step of then carrying out heat treatment. 



12 



EP1 288 174 A1 



INTERNATIONAL SEARCH REPORT 



International application No. 

PCT/JP01/03518 



I a. classification of subject matter 

Int. CI 7 C03C17/34 



I According to International Patent Classification (IPC) or to both national classification and IPC 



[ B. FIELDS SEARCHED 



[Minimum documentation searched (classification system followed by classification symbols) 
Int. CI 7 C03C17/34 



Documentation searched other than m~ documentation to the c^^M^ ^ 9 £^T 
I Jitsuyo Shinan Koho 1926-1996 roxdkn Jxtsuyo Shinan Koho 1994 2001 

Kokai Jitsuyo Shinan Koho 1971-2001 Jxtsiryo Shinan Toroku Koho 1996 2001 



Electronic database consulted during the international search (name of database and, where practicable, search t 



tsed) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



I Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



JF^54-066914. A (Asani Glass Co., Ltd.), 
29 May, 1979 (29.05-79) , 
Claims (Family: none) 

JP, 09-0B6966, A (Nippon Sheet Glass Company, Limited), 
3l'March, 1997 (31.03.97), 
Claims (Family: none) 



Relevant to claim No. 



1-12 



1-12 



□ Further documents are listed in the continuation of Box C. □ See patent family annex. 



Special categories of cited documents: , 
I *pf document defining the general state of the art wmch is not 
considered to he of particular relevance 
earlier document but published on or after me international fling 

"V d^ument which may throw doubts on priority claim(s) or which is 
cited to establish the publication date of another citation or other 
special reason (as specified) 

document referring to on oral disclosure, use, exhibition or other 

I document published prior to the international filing date but later 

than the priority date chanted - 



T* later document published after the international riling date or 
priority date and not m conflict with the application but cited to 
understand the principle or theory underlying the invention 
IT document of particular relevance; the claimed invention cannot be 
considered novel or cannot be considered to involve an inventive 
step when the document is taken alone 
•Y* document of particular relevance; the claimed invention cannot be 
considered to involve an inventive step when the document fe 
combined with one or more other such documents, such 
combination being obvious to a person skilled in the art 
"&." document member of the same patent family 



I Date of the actual completion of the international search 
29 May, 2001 (29.05.01) 



[ Name and mailing address of the ISA/ 

Japanese Patent Office 



Facsimile No. 



Date of mailing of the international search report 
05 June, 2001 (05.06.01) 



Authorized afficer 



Telephone No. 



Form PCT/IS A/210 (second sheet) (July 1992) 



13 



